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ALUMINUM-PLATED STEEL 
SHEET FOR FUEL TANK AND 
PROCESS FOR PRODUCING 
FUEL TANK FROM THE STEEL 
SHEET 



Pittsburgh Pennsylvania 
March 23, 2001 



PRELIMINARY MENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Prior to initial 



examination, please amend the above-identified patent 



application as follows: 

TN THE SPEC IFICATION: 

P lea se delete and amend section headings as follows. (Pursuant to 37 CFR 
of the amended section headings are attached.) 



1.121, marked-up versions 

On page 1, please 



delete the section heading "SPECIFICATION 



On page 1, please amend the section heading "TECHNICAL FIELD OF 
THE INVENTION" to read as follows: 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

On page 1, please amend the section heading "BACKGROUND OF THE 
INVENTION" to read as follows: 

2. Prior Art 

On page 4, please amend the section heading "DISCLOSURE OF THE 
INVENTION" to read as follows: 

SUMMARY OF THE INVENTION 

On page 5, please amend the section heading "EMOBIMENTS OF THE 
INVENTION" to read as follows: 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
IN THE CLAIMS : 

Please cancel the previous versions of claims 5-8 and insert the amended 
versions of claims 5-8 as follows. (Pursuant to 37 CFR 1.121, marked-up versions of 
these claims are attached.) 

5. (Amended) The Al-coated steel sheet for a fuel tank defined in 
Claim 3, wherein the alkali-soluble resin is urethane. 

6. (Amended) The Al-coated steel sheet for a fuel tank defined in 
Claim 1 ? wherein the resin film is mixed with l-25mass% a powdery synthetic resin. 

7. (Amended) The Al-coated steel sheet for a fuel tank defined in 
Claim 1, wherein the resin film has a thickness of 0.2-5. Ojuim. 

2 



8. (Amended) A method of manufacturing a fuel tank comprising the 

steps of: 

preparing an Al-coated steel sheet on which an alkali-soluble resin film is 
directly formed, 

press-working said Al-coated steel sheet to prepare upper and lower halves of 

a fuel tank, 

washing said upper and lower halves with an alkali liquid to dissolve off said 

resin film, 

welding said upper half to said lower half, and 

applying a paint to an external surface of said upper and lower halves. 

Please insert new claims 9 and 10 as follows. 

9. The Al-coated steel sheet for a fuel tank defined in Claim 3, wherein 
the alkali-soluble resin is acrylic resin. 

10. The Al-coated steel sheet for a fuel tank defined in Claim 1, wherein 
the resin film is mixed with l-30mass% powdery silica. 
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REMARKS 

The specification has been amended to place the application in conformance 
with standard United States patent practice. 

Claims 5-8 have been amended to bring the claims into conformance with 
standard United States patent practice. New claims 9 and 10 have been added to further 
define the invention. 

Examination and allowance of pending claims 1-10 are respectfully requested. 

Respectfully submitted, 

WEBB ZIESENHEIM LOGSDON 
ORKIN & HANSON, P.C. 




Russell D. Orkin 



Registration No. 25,363 
Attorney for Applicants 
700 Koppers Building 
436 Seventh Avenue 
Pittsburgh, PA 15219-1818 
Telephone: 412-471-8815 
Facsimile: 412-471-4094 
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MARKED- UP AMENDED SPECIFICATION PARAGRAPHS * m 
Page 1, first section heading 

[TECHNICAL FIELD OF THE INVENTION] BACKGROUND OF THE 
INVENTION 

1 . Field of the Invention 
Page 1, second section heading 

[BACKGROUND OF THE INVENTION] 2. Prior Art 

Page 4, section heading 

[DISCLOSURE OF THE INVENTION] SUMMARY OF THE INVENTION 
Page 5, second section heading 

[EMOBDIMENTS OF THE INVENTION] DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



MARKED-UP AMENDED CLAIMS 



5. (Amended) The Al-coated steel sheet for a fuel tank defined 
in Claim 3 [or 4], wherein the alkali-soluble resin is urethane [or acrylic resin], 

6. (Amended) The Al-coated steel sheet for a fuel tank defined 
in Claim 1, wherein the resin film is mixed with l-25mass% a powdery synthetic 
resin [and/or l-30mass% powdery silica]. 

7. (Amended) The Al-coated steel sheet for a fuel tank defined 
in Claim 1, wherein the resin film has a thickness of 0.2-5. 0\xm [in thickness is 
formed on the Al-coated steel sheet], 

8. (Amended) A method of manufacturing a fuel tank 
comprising the steps of: 

preparing an Al-coated steel sheet on which an alkali-soluble resin film 
is directly formed, 

press-working said Al-coated steel sheet to prepare upper and lower 
halves of a fuel tank, 

washing said upper and lower halves with an alkali liquid to dissolve 
off said resin film, 

welding said upper half to said lower half, and 

applying a paint to an external surface of said upper and lower halves. 
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SPECIFICATION 

AN AL-COATED STEEL SHEET FOR USE AS A FUEL TANK AND 
A METHOD OF MANUFACTURING A FUEL TANK THEREFROM 

5 

TECHNICAL FIELD OF THE INVENTION 
The present invention relates to an Al-coated steel sheet excellent in 
anti- scratching property during press-working and corrosion-resistance to a 
stored fuel, and also relates to a method of manufacturing a fuel tank from 
10 the Al"coated steel sheet. 

BACKGROUND OF THE INVENTION 
A fuel tank 1 for an automobile or the like has been conventionally- 
manufactured by the following manner- An upper half 2 and a lower half 3 
15 are independently prepared from steel sheets by press- working, and then 
washed with an alkali liquid. Halves 2 and 3 are assembled to a tank shape, 
joined together by resistance-welding such as seam -welding and spot-welding, 
and then coated with an anti-corrosion paint at their whole external surfaces, 
as shown in Fig. 2. 

20 The upper half 2 and the lower half 3 have sinks 4 of the same 

openings and shapes. Flanges 5 are formed at the whole periphery of the 
sinks 4. These halves 2 and 3 are joined to a unitary body by putting the 
flange 5 of the upper half 2 on the flange 5 of the lower half and welding 
together. Since a material is worked to the fuel tank with heavy duty, it shall 

25 be good of press-workability, resistance-weldability and post-coat corrosion- 
resistance. In the state that such the fuel tank is installed in an automobile, 
its inner surface is exposed to a corrosive atmosphere containing a fuel. If the 
inner surface is corroded by the fuel, a filter of a fuel circulation system is 
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choked up by resulting corrosion products. The corrosion sometimes causes 
generation of through holes. In this sense, the material shall be good of 
corrosion-resistance. 

A steel sheet hot-dip coated with a Pb'Sn alloy (as disclosed in JP57- 
5 6133B) and a Zn-coated steel sheet (JP53-19981B) have been used so far, in 
order to satisfy such requisitions for a material of a fuel tank. 

Although the steel sheet hot-dip coated with a Pb-Sn alloy exhibits 
excellent corrosion-resistance against a fuel solely composed of gasoline, it is 
likely corroded by alcohol in the case where a fuel tank receives an alcoholic 

10 fuel such as methanol or ethanol or a fuel mixture of alcohol with gasoline. 
When a fuel tank made from the Zn-coated steel sheet is used for receiving 
degraded gasoline as a fuel or left in a humid environment at a high 
temperature over a long term, it is attacked by corrosive substances such as 
formic acid and acetic acid generated by oxidation and degradation of the 

15 gasoline, resulting in generation of white rusts. 

A steel sheet coated with Al or an Al-Si alloy (as disclosed in JP4- 
68399B) or an Al-coated steel sheet to which an organic resin film dispersing 
metal powder therein is applied (hereinafter referred to as "an anti-corrosion 
painted steel sheet", as disclosed in JP6-306637A, JP9-53166A) is proposed as 

20 a material for a fuel tank in order to eliminate the above-mentioned problems. 
Corrosion-resistance of the Al-coated steel sheet against an organic acid is 
enhanced by protective function of an oxide film formed on a surface of the Al 
plating layer. The anti-corrosion painted steel sheet exhibits good corrosion- 
resistance against gasoline due to the organic resin film, and metal powder 

25 dispersed in the organic film bestows the organic film with electric 
conductivity so as to facilitate resistance-welding the upper half 2 with the 
lower half 3. 

However, an Al plating layer formed on the steel sheet is inferior of 

9 



anti-scratching property during press-working, so that substrate steel is often 
partially exposed to the outside when it is press-worked to upper and lower 
halves % 3. The exposed part will be an origin of internal corrosion, when it is 
subjected to degraded gasoline including organic acids. A paint film applied to 
5 the external surface of the fuel tank does not fulfill its corrosion-preventing 
function during progress of under-coat corrosion in some cases. On the other 
hand, the anti-corrosion painted steel sheet is often materially ruptured due 
to poor lubricity, when it is press-worked to members of a fuel tank. 

The plastic reformation of the anti-corrosion painted steel sheet 

10 during press-working is improved by applying a lubricate film of an organic 
resin good of lubricity, anti-corrosion and plasticity to a surface of the anti- 
corrosion painted steel sheet (as disclosed JP6-306637A, JP9-53166A). 
However, when the anti-corrosion painted steel sheet after application of the 
lubricate film is worked to a shape of the fuel tank, the organic resin film as 

15 well as the lubricate film are thermally decomposed during resistance- 
welding. Offensive odor and smoke are abundantly generated by the 
decomposition, so as to deteriorate the working environment. 

Application of an alkali" soluble lubricate film is also proposed, in order 
to facilitate removal of the lubricate film before welding the upper half 2 to 

20 the lower half 3. Although the alkali-soluble lubricate film can be washed off 
by an alkali, an organic resin film remains on a surface of the steel sheet and 
causes generation of offensive odor and smoke. Consequently, it is necessary 
to completely remove the organic resin film from the flanges 5 of the upper 
and lower halves 2, 3 before welding. Although the organic resin film is 

25 peeled off by a chemical method such as application of a proper peeling agent 
or a mechanical method such as polishing, anyway also needs time and labor. 

Lubricity of a resin film may be improved by dispersion of a powdery 
synthetic resin such as polyolefin or fluororesin to an organic resin film 
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instead of an lubricate film. However, such the additive deteriorates 
adhesiveness and durability of a anti-corrosion paint film applied to the 
external surface of the fuel tank and causes exfoliation of the paint film 
during using. 

5 

DISCLOSURE OF THE INVENTION 
The present invention is accomplished for elimination of the above- 
mentioned problems. The object of the present invention is to offer an AL- 
coated steel sheet, which satisfies requisitions for use as a fuel tank superior 

10 of corrosion-resistance and durability. 

According to the present invention, an alkali- soluble resin film is 
directly applied to a surface of an Al-coated steel sheet. The Al-coated steel 
sheet, to which the alkali- soluble resin film is applied, is formed to upper and 
lower halves of a fuel tank by press-working. The upper and lower halves are 

15 washed with an alkali liquid to dissolve off the resin film and joined together 
to a unitary body. Thereafter, a paint is applied to an external surface of the 
unitary body. A fuel tank excellent in corrosion-resistance and durability is 
manufactured in this way. 

An alkali-soluble resin applied to a surface of an Al-coated steel sheet 

20 is preferably one, which can be dissolved in an alkali liquid of pH 9.0 or 
higher, has a carboxyl group in its molecule with an acid value of 40-90. A 
resin having hydrogen atoms of the carboxyl group substituted by an alkali 
metal at a ratio of 1-50% is especially recommended, since it is dissolved off in 
1 minute by an alkali liquid of pH 9.0. A urethane or acrylic resin excellent in 

25 adhesiveness and plasticity is used as such a resin, to inhibit peeling of a 
resin film during press-working. Lubricity of the resin film can be also 
improved by dispersion of 1*25 mass % a powdery synthetic resin and/or 1"30 
mass % powdery silica. The resin film is preferably of 0.2-5.0^im in thickness. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a graph showing effects of a pH value and a temperature of an 
alkali liquid on dissolution of a resin film. The resin film was of 1.0]u.m in 
thickness and formed on a surface of a steel sheet hot-dip coated with an Al _ 
9%Si alloy at a ratio of 30g/m 2 per single surface by applying an emulsion of a 
urethane resin having a carboxyl group in its molecule with an acid value of 
70 with a bar-type applicator and then baked in an oven. 
Fig. 2 is a sectional view illustrating a fuel tank. 

EMOBIMENTS OF THE INVENTION 
A resin film, which is excellent in lubricity, corrosion-resistance and 
plasticity and also maintains excellent corrosion-resistance as well as 
adhesiveness to an anti-corrosion film even after press-working a steel sheet 
to a shape of a fuel tank, has been used so far as a resin film formed on an Al- 
coated steel sheet for use as a fuel tank. On the contrary, the inventors 
researched for a resin film which serves as a protective film until press- 
working and is easily removed from the steel substrate, without affection of 
such the conventional idea on the resin film. When such the resin film is 
realized, the resin film is completely removed from the steel sheet before 
seam-welding. Consequently, upper and lower halves are joined together in 
absence of the resin film during seam-welding, so as to avoid generation of 
offensive odor or smoke as decomposition products of the resin film. Even 
when a powdery synthetic resin which puts harmful effects on adhesiveness 
to an anti-corrosion film is added to the resin film serving as a protective film, 
durability of the fuel tank does not become worse, since the powdery synthetic 
resin is removed together with the resin film. However, it is very difficult to 
peel off a conventional resin film after the press-working, since it firmly 



sticks to an Al-coated steel sheet due to drawing motion during the press - 
working. 

The inventors investigated a conventional manufacturing process 
wherein halves of a fuel tank for an automobile are washed with an alkali 
5 liquid after a press-working step but before a welding step, and hit upon the 
idea that formation of an alkali- soluble resin film directly on a surface of an 
Al-coated steel sheet is profitable for removal of such a resin film by washing 
the halves with an alkali liquid without necessity of peeling off the resin after 
the press-working, 

10 Solubility of a resin film is greatly varied in response to a pH value of 

an alkali liquid used for washing, as shown in Fig. 1. A time for dissolution of 
the resin film is changed in correspondence with the pH value. It is necessary 
to adjust the solubility of the resin film so that dissolution is finished within 5 
minutes in an alkali liquid of pH 9.0 or higher, accounting a washing time 

15 predetermined within 5 minutes in an alkali cleaning step of a conventional 
process for manufacturing members of a fuel tank. Dissolution of a resin film 
in an alkali liquid is promoted by introduction of a free carboxyl group (s) in a 
molecule of the resin so as to weaken water resistance. The resin, in which a 
free carboxyl group(s) is introduced, has solubility varied with an acid value. 

20 The acid value is represented by a mg number of potassium hydroxide 
necessary for neutralization of acid contents (acid groups) in Ig a resin. If the 
acid value is less than 40, it takes 5 minutes or longer to completely dissolve 
off the resin film in an alkali liquid of pH 9.0 or higher. However, the acid 
value greater than 90 causes poor film-forming ability of the resin and 

25 deteriorates anti-scratching property of the resin film. In this consequence, 
the carboxyl group(s) is preferably introduced to the resin in the manner such 
that the acid value is adjusted in a range of 40-90. 

In recent days, a cleaning solution is prepared at a lower and lower pH 
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value to keep the alkali cleaning work safe, and a cleaning time is shortened 
to improve productivity. In short, there has been set the work goal that the 
cleaning is completed within 1 minute using an alkali liquid of pH 9.0 or so. 
According to the work goal, the resin film shall be also dissolved off within 1 
5 minute by the alkali liquid of pH 9.0. However, 3-5 minutes are ordinarily 
required for dissolution of a resin film,' in which a free carboxyl group (s) is 
merely introduced so as to adjust an acid value to 40-90, in an alkali liquid of 
pH 9.0. Due to such a longer time for dissolution, a cleaning liquid of a higher 
pH value is inevitably used for shortening the cleaning time without change 

10 of a resin kind. In actual, a cleaning liquid of pH 10 has been used for 
completion of the cleaning within 1.5*2.0 minutes, or a cleaning liquid of pH 
11 or higher has been used for completion of the cleaning within 1 minute. 

The inventors have searched for a method, which enables short-time 
cleaning using an alkali liquid of a lower pH value. In the course of searching 

15 and examination, the inventors found that partial substitution of hydrogen 
atoms in a free carboxyl group (s) introduced to a molecule of a film-forming 
resin by alkali metal is effective for dissolution of a resin film within 1 minute 
by an alkali liquid of pH 9.0. The substitution ratio of hydrogen atoms by the 
alkali metal is preferably adjusted to 1-50% on the basis of all the free 

20 carboxyl groups. If the substitution ratio is less than 1%, a time for 
dissolution of a resin film is not so shortened compared with a resin film 
having segregation hydroxyl groups unsubstituted by alkali metal, and the 
resin film is not completely dissolved off within 1 minute by an alkali liquid of 
pH 9.0. If the substitution ratio exceeds 50% on the contrary, a resulting 

25 resin film is excessively hygroscopic so that the resin film is likely to be 
blocked when an Ahcoated steel sheet to which the resin film is applied is 
stored in a coiled state. 

A resin having hydrogen atoms of a free carboxyl group(s) partially 
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substituted by alkali metal is prepared from a resin to which a free carboxyl 
group(s) is introduced to adjust its acid value at 40-90. If the acid value is less 
than 40, dissolution of the resin film in an alkali liquid of pH 9.0 is not 
completed within 1 minute, regardless substitution of hydrogen atoms by 
5 alkali metal. If the acid value exceeds 90 on the contrary, the resin film is 
poor of anti-scratching property. 

An alkali- soluble resin is preferably a ure thane or acrylic resin 
excellent in adhesiveness and plasticity, wherein a free carboxyl group(s) is 
introduced to adjust an acid value at 40-90, and hydrogen atoms of the free 

10 carboxyl group(s) are partially substituted by alkali metal. The acrylic resin 
has the advantage that the free carboxyl group(s) is easily introduced, since 
raw material with the carboxyl group can be used for synthesis. Introduction 
of the free carboxyl group (s) to a ure thane resin synthesized from raw 
materials free from carboxyl groups is performed by reaction of a hydrophilic 

15 chemical compound having a carboxyl group with diisocyanate. 

There are not special restrictions on synthesis of a urethane or acrylic 
resin. Any conventional process may be adopted, unless effects of the present 
invention are not hurt. However a resin form is neither restricted, a desirable 
resin is soluble in an organic solvent or water or dispersible in water. The 

20 water-soluble or water-dispersible resin is especially desirable in the 
viewpoint of coating operation. A film-forming auxiliary such as an alkylene 
glycol derivative, dialkyl ester of an aliphatic dicarboxylic acid or N-methyl-2- 
pyrrolidone may be added to the resin. 

The resin film is preferable of 0,2-5p.m in thickness. If the resin film is 

25 thinner than 0.2]j.m, its antr scratching property is poor. However, the resin 
film thicker than 5|Lim necessitates a longer time for dissolution in an alkali 
cleaning step. 

A powdery synthetic resin incompatible with the alkali- soluble resin 

8 
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may be added to resin composition for formation of the resin film, in the 
manner such that the powdery synthetic resin is partially projected from a 
surface of the resin film. Dispersion of such the powdery synthetic resin 
improves workability of the Al-coated steel sheet, so that the Al-coated steel 
5 sheet can be press-worked without application of a lubricant oil even to a part 
which is subjected to severe reformation. The effect of the powdery synthetic 
resin on workability is realized by addition at a ratio of 1 mass % or more on 
the basis of the resin composition. However, excessive addition of the powdery 
synthetic resin more than 25 mass % unstabilizes suspension of the powdery 

10 synthetic resin in a treating liquid, and causes gelation of the powdery 
synthetic resin. In this consequence, a ratio of the powdery synthetic resin 
added to the resin composition is determined within a range of 1*25 mass % 
(preferably 3-20 mass %). 

Any of a fLuororesin, a polyolefinic resin such as, polyethylene or 

15 polypropylene, a styrenic resin such as ABS or polystyrene, and a halogenized 
resin such as vinyl chloride or polyvinylidene chloride may be used as such 
the powdery synthetic resin. One or more of these powdery synthetic resins 
may be added to the resin composition. The powdery synthetic resin may be 
provided by mechanical crushing to a proper particle size or offered as a 

20 liquid suspension prepared by chemically or mechanically dispersing the 
synthetic resin in a proper solvent. 

Addition of powdery silica to the resin composition improves heat 
resistance and antrscratching property of the resin film, so that the Al-coated 
steel sheet can be press-worked even at a temperature of a metal die near 200 

25 °C without damages on the resin film. The effect of the powdery silica on the 
antrscratching property is realized by addition at a ratio of 1 mass % on the 
basis of the resin composition. However, excessive addition of silica more than 
30 mass % deteriorates stability of a treating liquid. The powdery silica may 
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be added together with the powdery synthetic resin to the resin composition. 

An Al-coated steel sheet as a substrate for formation of the resin film 
may be a steel sheet coated with pure Al or an Al alloy such as Al-Si 
(containing 3-13 mass % Si), Al-Zn, Al-Zn-Si, Al-Mg or Al-Mn. These Al- 
5 coated steel sheets are manufactured by a hot-dip process, a vacuum 
deposition process, a molten salt process or the like, A steel sheet coated with 
pure Al is preferably one manufactured by the vacuum deposition or molten 
salt process, since a thick Fe-Al interlayer poor of ductility is formed at a 
boundary between a substrate and a plating layer of a hot-dip coated steel 

10 sheet. On the other hand, since a steel sheet coated with an Al alloy can be 
manufactured at a low cost by the hot-dip process without formation of such a 
brittle interlayer, advantages of the hot-dip process are utilized. 

The Al-coated steel sheet is preferably subjected to chromating 
treatment, after the resin film is dissolved off by alkali- cleaning. A chromate 

15 film formed on a surface of the cleaned steel substrate by the chromating 
treatment effectively improves corrosion- resistance of the steel substrate. 
Either one of reactive chromating, spray-type chromating or electrolytic 
chromating may be adopted for formation of such a chromate film. A 
phosphoric acid or inorganic sol effective for improvement of corrosion- 

20 resistance and paint adhesiveness may be optionally added to a chromating 
composition. The chromate film is preferably formed at a ratio of 5-lQ0mg/m 2 
calculated as metallic Cr. Adhesion of the chromate film at a ratio less than 5 
mg/m 2 causes poor corrosion-resistance, but excessive adhesion of the 
chromate film more than 100 mg/m 2 abruptly deteriorates weldability. 

25 Although there are not any special restrictions on formation of a resin 

film, an emulsion is prepared from a liquid resin having a carboxyl group(s) 
in its molecule to which a powdery synthetic resin and/or powdery silica is 
optionally added. Such an emulsion is applied to a steel sheet by a proper 
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method selected from brushing, application with rolls or bars, showering, 
spraying and electrostatic atomization accounting economical efficiency and 
productivity, to form a uniform resin film on the Al-coated steel sheet. The 
applied resin is dried at an ambient temperature or a high temperature. 
5 After formation of the resin film, the Al-coated steel sheet is trimmed 

to a proper size and press-worked to a shape for upper and lower halves of a 
fuel tank. The halves are seam-welded or spot-welded together to a unitary 
body, and an anti-corrosion paint is applied to an external surface of the 
unitary body. Thus, a fuel tank for an automobile is manufactured. In this 
10 manufacturing process, the halves are washed with an alkali liquid to 
dissolve off the resin film after the press-working step but before the welding 
step. Some fuel tanks have small sub-tanks and pipings connected thereto, in 
addition to the halves. The present invention is also applicable to production 
of such members. 

15 The present invention will be more apparent from the following 

examples, referring to the drawings. Of course, these examples do not put any 
restrictions on the scope of the present invention. 

Example 1 

20 Several kinds of urethane emulsions containing carboxyl groups with 

various acid values were prepared by mixing 2,2-dimethylol propionic acid, 
hexamethylene diisosyanate, adipic acid, 1,4-butylene glycol and ethylene 
glycolic polyester polyol at various ratios. Powdery silica and/or a powdery 
synthetic resin (a mixture of polyethylene resin with fluororesin) were added 

25 to some of the emulsions. 

A steel sheet of 0.8mm in thickness hot-dip coated with an Al-9% Si 
alloy at a ratio of 30g/m 2 per single surface was used as a base sheet for 
painting. After the Al-coated steel sheet was chromated at a ratio of 20mg/m 2 
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calculated as Cr, each emulsion was directly applied to the Al-coated steel 
sheet by a bar-type applicator, dried in an oven so as to form resin films 
different each other in thickness. 

Table 1 shows compositions and thickness of resin films formed on 
surfaces of the Al-coated steel sheets. 
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Samples were cut off the Al-coated steel sheets painted with the resin 
films and offered to the following tests. 

( 1) Solubility Test of Resin Film 

Each sample was immersed in a NaOH solution of pH 11 at 40°C until 
5 a resin film was dissolved off. Solubility of the resin film was judged by a time 
period spent for dissolution of the resin film, as follows; dissolution in one 
minute as ®, in 1-2 minutes as O, in 2"5minutes as A and in longer than 5 
minutes as x . 

(2) Anti-Scratching Test 

10 A disc-shaped sample of 90mm in diameter was drawn to a cylindrical 

form using metal dies held at 20°C and 100°C and punches of 40mm in 
diameter with a drawing ratio of 2.35 and a wrinkle-pressing force of 1.5 x 
10 4 N. The drawn sample was observed to detect persistence of the resin film 
at its drawn part. Anti-scratching property of the resin film was judged by a 

15 residual ratio of the resin film at the drawn part as follows; a residual ratio of 
80% or more as ®, 60-80% as O, 40*60% as A and less than 40% as x . 

(3) Workability Test 

A disc-shaped sample of 94mm in diameter Li was drawn to a 
cylindrical form using a metal die held at 100°C and a punch of 40mm in 

20 diameter with a drawing ratio of 2.60 and a wrinkle -pressing force of 2.5 x 
10 4 N. An average diameter L2 of the drawn sample was measured, and a ratio 
of L2 to Li was calculated. Workability of the sample was judged by the ratio 
L2/L1 as follows; a ratio less than 0.80 as ®, 0.80-0.86 as O, 0.86-0,90 as A 
and 0.90 or more as x . 

25 (4) Corrosion Test for Inner Surface 

After a sample of 84mm in diameter was drawn to a cylindrical form 
with a drawing ratio of 2.1 using a metal die held at 100°C, it was washed 5 
minutes by spraying an alkaline liquid of pH 11 at 40°C. The washed sample 
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was immersed in each of test liquids A"C, and left as such 10 weeks in the 
test liquid which was repeatedly exchanged by new one every week. 
Dissolution of the resin film was measured after 10 weeks-immersion. 
Corrosion-resistance of the sample was judged by a dissolution loss as follows; 
5 a dissolution loss less than 0.3g/m 2 (less than O.lSg.m 2 in case of the test 
liquid C) as ®, 0.3-0.5g/m 2 (0.15-0.25g/m 2 in case of the test liquid C) as O 
and 0.5g/m 2 or more (0.25g/m 2 or more in case of the test liquid C) as x . 

Test Liquid A: a liquid mixture of 50% gasoline with 50% water 
10 containing 350ppm a formic acid 

Test Liquid B : a liquid mixture of 85% methanol containing 350ppm a 

formic acid with 15% gasoline 
Test Liquid C: a liquid mixture of 50% gasoline with 50% water 
containing 50ppm CI* 
15 (5) Post- Coat Corrosion Test 

After a sample was drawn to a cylindrical form by the same way as (4), 
a black aminoalkyd resin was sprayed to the sample to form a resin film of 
20|Lim in thickness. The painted sample was examined by a salt water 
spraying test regulated in JIS Z2371, and a ratio of rust formation was 
20 measured after 1000 hours-spraying. Post-coat corrosion-resistance of the 
sample was judged by the ratio of rust formation as follows; a ratio of 0% as 
®, less than 10% as O, 10-50% as A and 50% or more as x . 
Table 2 shows the test results. 
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Example 2 

Several acrylic resin emulsions with different acid values were 
prepared by reacting methyl methacrylate, buthyl acrylate/methacrylic acid 
and acrylic acid together at various ratios. Powdery silica and/or powdery 
5 synthetic resins (a mixture of polyethylene resin with fluororesin) were added 
to some of the emulsions. 

A steel sheet of 0.9mm in thickness hot-dip coated with an Al"9% Si 
alloy at a ratio of 40g/m 2 per single surface was used as a base sheet for 
painting. After the Al-coated steel sheet was chromated at a ratio of 16mg/m 2 
10 calculated as Cr, each emulsion was applied to it by a bar-type applicator and 
then dried in an oven to form resin films different in thickness. 

Table 3 shows compositions and thickness of resin films formed on the 
Al-coated steel sheets, while Table 4 shows properties of the resin films 
measured by the same way as Example 1, 
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Example 3 

Several emulsions of carboxylic group-containing urethane resins with 
different acid values were prepared. After NaOH or KOH was added to each 
emulsion, powdery silica and/or a powdery synthetic resin (a mixture of 
polyethylene resin with fluororesin) was added to the emulsion. The emulsion 
was applied to an Al*coated steel sheet by the same way as Example 1. 
Compositions and thickness of resin films formed on the Al-coated steel 
sheets are shown in Table 5. 
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A sample was cut off each Al-coated steel sheet painted with the resin 
film and examined by the following tests. 

(6) Stability Test of an Emulsion 

An emulsion was received in a hermetically sealed glass vessel and left 
5 as such at 40°C. Stability of the emulsion was judged by days until occurrence 
of thickening or gelation as follows; no detection of thickening or gelation over 
20 days as ©, over 10 days as O and occurrence of thickening or gelation in 
10 day holding as x . 

(7) Solubility Test B of A resin Film 

10 Each sample was immersed in a few kinds of NaOH solution of 

different pH values at 40°C, and a time period until dissolution of a resin film 
was counted. Stability of a resin film was judged by a time period for 
dissolution of the resin film as follows; dissolution in 0.5minutes or shorter as 
® t 0.5-lminute as O, l"3minutes as A and longer than 3minutes as x . 

15 (8) Blocking Test 

Samples were piled up in the state that resin films were held in 
contact together and left as such 24 hours at 40°C in an atmosphere of 
90%RH with a pressure of 1200N/cm 2 . Anti-blocking property was judged by 
separability of the samples as follows; spontaneous separation of the samples 

20 as ®, forcible separation of the samples without damage of resin films as O, 
forcible separation of the samples with partial peeling of resin films as A 
and occurrence of peeling over all the resin films due to blocking as x . 

(9) Anti-Scratching Test 

Anti-scratching property of a resin film was judged by the same anti- 
25 scratching test as Example 1. 

(10) Corrosion Test for an Inner Surface 

Corrosion-resistance of a sample at its inner surface was judged by the 
same corrosion test as Example 1 except spraying an alkali liquid of pH 10 at 

22 
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40°C for 1 minute. 

(ll) Post-Coat Corrosion Test 

Post-coat corrosion-resistance of a sample was judged by the same 
post-coat corrosion test as Example 1. 
5 Table 6 shows test results. 
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Example 4 

NaOH or KOH was added to emulsions (prepared in Example 2) of 
acrylic resins having carboxyl groups in its molecule with different acid 
values. Powdery silica and/or a powdery synthetic resin (a mixture of 
5 polyethylene resin with fluororesin) were added to some of the emulsions. 

A steel sheet of 0.9mm in thickness hot-dip coated with an Al"9%Si 
alloy at a ratio of 30g/m 2 per single surface was used as a base sheet for 
painting. After the Al-coated steel sheet was chromated with a ratio of 
15mg/m 2 calculated as Cr, each emulsion was applied to the Al-coated steel 
10 sheet by a bar-type applicator and dried in an oven to form resin films 
different in thickness on the Al-coated steel sheets. 

Table 7 shows compositions and thickness of the resin films formed on 
the Al-coated steel sheets, while Table 8 shows properties of the painted steel 
sheets. 
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Example 5 

Al-coated steel sheets painted with various resin films by Examples 1- 
4 were drawn and pressed to shapes of upper and lower halves for a fuel tank 
of an automobile. Scratches were not detected on the Al plating layers after 
5 being press-worked. After a plurality of openings for connection of various 
pipes were formed in the upper and lower halves, pipes were spot- or 
projection-welded to the upper and lower halves without peeling of resin films. 

An alkali liquid of pH 10.5 at 40°C was sprayed to the upper and lower 
halves to which pipes were welded. After the upper and lower halves were 
10 washed with pure water, their surfaces were observed by FT-ffi analysis. It 
was recognized that resin films were completely dissolved off. 

Thereafter, the upper half was laid on the lower half in the manner 
such that a flange of the upper half was held in face-to-face contact with a 
flange of the lower half. The flanges were seam-welded together. Any smoke 
15 or offensive odor was not discharged during welding. The welded fuel tank 
was coated with a black paint at its whole external surface. After degraded 
gasoline was poured in the fuel tank, the fuel tank was left as such 1 month. 
Thereafter, the inner and external surfaces of the fuel tank were observed, 
and it was recognized that the fuel tank was held in a state free from 
20 corrosion. 

INDUSTRIAL APPLICABILITY 
An Al-coated steel sheet for a fuel tank according to the present 
invention as above-mentioned has a resin film formed on its surface for 
25 inhibition of scratches during press-working for shaping it to members of a 
fuel tank. Due to such the resin film, the fuel tank is improved in corrosion- 
resistance to stored fuel without exposition of base steel. Since the resin film 
is composed of an alkali-soluble resin, it is easily washed off by an alkali 




liquid after the Al-coated steel sheet was shaped to members of the fuel tank. 
As a result, the Al-coated steel sheet can be welded without generation of 
smoke or offensive odor caused by thermal decomposition of the resin film 
with a weld heat. 

5 Dissolution of the resin film is facilitated by proper selection of a resin 

which is soluble in an alkali liquid of pH 9.0 or higher. A resin having a 
carboxylic group(s) in its molecule to adjust its acid value within a range of 
40*90 is preferable for formation of a resin film excellent in solubility and 
fUnrformability. Especially, a resin, in which 1-50% hydrogen atom of the 

10 introduced carboxyl group(s) is substituted by alkali metal, is formed to a 
resin film which can be dissolved off in one minute by an alkali liquid of pH 
9.0. A time necessary for dissolution is well balanced with anti'scratching 
property by adjusting thickness of the resin film to 0.2-5.0um. 

The resin film, which serve as a protective layer for the Al-coated steel 

15 sheet until press-working, is easily removed from the Al-coated steel sheet by 
alkali- washing before resistance -welding. Therefore, a powdery synthetic 
resin or silica may be dispersed in the resin film for improvement of anti- 
scratching property without harmful influences on a anti-corrosion paint 
layer to be formed on a surface of a fuel tank. In addition, alkali-washing is 

20 performed between a press-working step and a welding step in a fuel tank- 
manufacturing line, so that a fuel tank is manufactured by the same line as 
conventional one without increase of a cost due to an additional step. 
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An Al-coated steel sheet for a fuel tank having an alkali-soluble resin 
film directly formed on a surface of said Al-coated steel sheet. 

The Al-coated steel sheet for a fuel tank defined in Claim 1, wherein 
the resin is soluble in an alkali liquid of pH 9.0 or higher. 

The Al-coated steel sheet for a fuel tank defined in Claim 1, wherein 
the alkali-soluble resin has a carboxyl group in its molecule with an acid 
value of 40-90. 

The Al-coated steel sheet for a fuel tank defined in Claim 1, wherein 
the alkali-soluble resin has a carboxyl group in its molecule and 1-50% 
hydrogen atom of said carboxyl group is substituted by alkali metal. 

The Al-coated steel sheet for a fuel tank defined in Claim 3 or 4, 
wherein the alkali- soluble resin is urethane or acrylic resin. 

The Al-coated steel sheet for a fuel tank defined in Claim 1, wherein 
the resin film is mixed with l-25mass% a powdery synthetic resin and/or 
l-30mass% powdery silica. 

The Al-coated steel sheet for a fuel tank defined in Claim 1, wherein 
the resin film of 0.2-5.0jum in thickness is formed on the Al-coated steel 
sheet. 

A method of manufacturing a fuel tank comprising the steps of 
preparing an Al-coated steel sheet on which an alkali- soluble resin 

film is directly formed, 

press-working said Al-coated steel sheet to upper and lower halves of a 

fuel tank, 

washing said upper and lower halves with an alkali liquid to dissolve 
off said resin film, 

welding said upper half to said lower half, and 

applying a paint to an external surface of said upper and lower halves. 
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ABSTRACT 

An Al-coated steel sheet is improved in an ti- scratching property 
during press-working and corrosion-resistance to a stored fuel by direct 
formation of an alkali- soluble resin film on an Al-coated steel sheet. An 
5 alkali-soluble resin, which can be dissolved in an alkali liquid of pH 9.0 or 
higher, is preferably ur ethane or acrylic resin with an acid value of 40-90 
having a carboxyl group in its molecule. Alkali metal may be substituted for 
1-50% hydrogen atom of the carboxyl group. A powdery synthetic resin at a 
ratio of l-25mass% and/or powdery silica at a ratio of l"30mass% may be 
10 dispersed in the resin film. The resin film is preferably of 0.2-5. Ojim in 
thickness. After the Al-coated steel sheet is painted with the resin, it is 
shaped to upper and lower halves of a fuel tank and washed with an alkali to 
dissolve off the resin film. The upper and lower halves are welded together 
and coated with a paint at their external surfaces to fabricate a fuel tank. 



097787998 



FIG.1 



.E 6.0 



E 



CO 



5.0 



4.0 



3.0 



^ 2.0 



1.0 



0 



(spraying) 




a temperature of 
an alkali liquid 

A : 20 °C 
□ : 40 °C 



-A 

-a 



8.0 



9.0 10.0 11.0 12.0 

a pH value of a washing liquid 




Declaration and Power of Attorney For Patent Application 

Japanese Language Declaration 
fett^ TWCft^S £K*C Lfc^W^i: LT, &T<7> 1 Asa below named inventor, I hereby declare that: 



?)±lo**0> *?anuTnfi— ©aw*?** (—a 

0 ^£ LTliffiU 

B fcffiiE L fco 
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I believe I am the original, first and sole inventor (if 
only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) 
of the subject matter which is claimed and for which 
a patent is sought on the invention entitled 

AN AL-CQATED STEEL SHEET FOR USE AS A 
FUEL TANK AND A METHOD OF 

MANUFACTURING A FUEL TANK THEREFROM 

the specification of which 
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□ was filed on _ as 

Application Serial No.^ 

and was amended on . 

(if applicable) 
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referred to above. 
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I hereby claim foreign priority benefits under Title 
35, United States Code, § 119 of any foreign 
application(s) for patent or inventor's certificate 
listed below and have also identified below any 
foreign application for patent or inventor's certificate 
having a filing date before that of the application on 
which priority is claimed. 
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I hereby claim the benefit under Title 35 , United 
States Code, § 120 of any United States 
application(s) listed below and, insofar as the subject 
matter of each of the claims of this application is not 
disclosed in the prior United States application in 
the manner provided by the first paragraph of Title 
35, United States Code, § 112, I acknowledge the 
duty to disclose material information as defined in 
Title 37, Code of Federal Regulations, § 1.56(a)which 
occurred between the filing date of the prior 
application and the national or PCT international 
filing date of this application : 



(Application Serial No.) (Filing Date) (MM) (Status) 

(ttiWff-^) (ffifilB) (#fFi^, St^Sr*) (patented, pending, abandoned) 

fA&. Z Z £ g BCD&iSifrX^^Tfif ^ tzffi&tf&X I hereby declare that all statements made herein of 
X^tTrfeD, &^<D^t & l ^RU*@T & £ Z my own knowledge are true and that all statements 

Tft^tzW&tfM'M'Cfo&tiSZ, ]&\ZtfcM&E&$k<Dffi. made on information and belief are believed to be 
iE^SrtTo fc^-Ss ^^aSftSI 1 8 SPII 10 0 1 true; and further that these statements were made 

i 0 . K&XliSB C#Lit XSCtl^ ©TFJ* 5 with the knowledge that willful false statements and 

fff^H. *fcd^5tt:lKfc the like so made are punishable by fine or 
l,^m^MLTtt^%n&m$<D^$ij&%mtzo Z imprisonment, or both, under Section 1001 of Title 
ttf&&Z £^fSliLT\ J^iCDlSj^Srff ofcd ^5:4 18 of the United States Code and that such willful 
1ST So false statements may jeopardize the validity of the 

application or any patent issue thereon. 
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POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office connected 
therewith, (list name and registration number) 



William H. Logsdon 
Russell D. Orkin 
David C. Hanson 
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